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Summary
Pressure sores cause severe pain and discomfort in hospitalized people and in farmed cattle and are often infected with unknown bacteria.   Pressure sores occur on the upper legs of 6–10% of recumbent cattle and are generally considered to be caused by constant pressure, commonly on bony areas of the limbs.  This study analyzed pressure sores taken from the upper limbs of 14 cattle using isolation in culture and nested polymerase chain reaction to detect treponemes associated with digital dermatitis (DD).   A 100% association of DD treponemes with the pressure sores was demonstrated, but treponemes were shown not to be part of the normal skin microbiota.  Immunohistochemistry showed an association of DD treponemes with lesions and particularly with the hair follicles in lesions, identifying the bacteria deep within wounds, thereby suggesting that they could contribute to lesion pathogenesis.  The bacteria isolated from the pressure sore lesions were similar or identical on analysis of the 16S rRNA gene to those found in DD foot lesions in cattle, suggesting the same bacteria can infect multiple lesions.  Indeed, the results of this study suggest that these spirochaetal bacteria may be expanding in host range and in their ability to colonize different tissues and contribute to a range of disease manifestations in farm animals.
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Introduction
Pressure sores occur when there is unrelieved pressure on an area, such as when a person or animal is immobilized in a single position, or constantly rubs against something in the environment, such as bedding.  As such, pressure sores commonly occur in areas where bones are prominent, such as joints on the upper limb, which leads to a relative reduction in blood supply and subsequent skin erosion (Kosiak et al., 1958).  This can leave the skin open to bacterial infection, further complicating and slowing the healing process (Ceelen et al., 2003). 
Treponemal bacteria are known to be closely associated with digital dermatitis (DD) lesions on the feet of cloven-hoofed animals including dairy and beef cattle worldwide (Dawson, 1998; Evans et al., 2011; Sullivan et al., 2014b), sheep from the UK (Dhawi et al., 2005; Duncan et al., 2014) and Ireland (Sayers et al., 2006), UK goats (Sullivan et al., 2014b) and also wild elk from the USA (Clegg et al., 2014). Additionally, DD treponemes have been isolated from pigs with skin lesions on their shoulders, tail and ears (Karlsson et al., 2013, 2014; Svartstrom et al., 2013; Clegg et al., 2016c), and detected in cases of horse canker in Austria (Sykora et al., 2014).
These lesions generally contain spirochaetes from several DD Treponema phylogroups, which are considered to be motile, anaerobic microorganisms (Graves et al., 1975; Baseman et al., 1976).  The treponemes in DD lesions have been isolated and characterized into three different phylogroups identified as the Treponema medium phylogroup, the Treponema phagedenis phylogroup and the Treponema pedis phylogroup (Evans et al., 2008). 
Previous studies have shown that DD treponemes are also associated with other lesions on the skin of cattle, including several non-healing foot lesions (Evans et al., 2011), hock lesions (Clegg et al., 2016a) and udder lesions including mammary dermatitis and ischaemic teat necrosis (Evans et al., 2010; Clegg et al., 2016b), which are generally slow to heal.  Taken together, these studies suggest a potential for treponemes to infect skin wounds on areas other than the foot. 
Pressure sores are also slow to heal, and due to their involvement in other skin lesions, the aim of the present study was to investigate the infective process of these lesions in cattle and particularly to determine whether the DD treponemes play a role in the pathogenicity of the lesions.  If infection with treponemes is involved, then appropriate treatment regimes may be used to enable effective and rapid recovery from pressure sores and prevention measures can be considered. These lesions in cattle may also provide a naturally occurring model for research into human pressure sores. 

Materials and Methods
Sample Collection
Tissue samples were collected from pressure sore lesions on the quadriceps mass of cattle.  In addition, to allow for testing for common digital dermatitis lesions, the two hind feet were also taken from animals presenting at a fallen stock yard serving the North West of England.  This centre is used for the slaughter and removal of sick or already dead animals from farms, so all animals at the site were dead.  To allow for minimal contamination post mortem, only animals which had been killed that day, by head shot, were tested. 
Animals were categorized into four groups: those with quadriceps mass pressure sores, but no DD lesions on the feet (n = 11), those with pressure sores and DD lesions on the feet (n = 3), those with no pressure sores, but DD lesions on the feet (n = 5), and those with neither pressure sores nor DD lesions on the feet (controls; n = 10). 
Only lesions between the coxofemoral and tarsal joints of the hindlimbs were classified as pressure sores and tested.  Lesions were characterized as acute or chronic where they had become highly necrotic, and both were tested.  Other lesions may have been present on the animal, but were not tested.  Animals with pressure sores generally appeared to have been recumbent for a long period of time, and so in order to prevent contamination from external sources, deeper tissues were taken from the lesions.  Pressure sore surfaces were also cleaned before and after sampling by washing with sterile, filtered phosphate buffered saline (PBS).
In addition, samples of three chronic pressure sore lesions were taken from three different animals and preserved in 10% neutral buffered formalin for use in histological and immunohistochemical studies. 
When an animal had a pressure sore, a skin swab was taken from between the hock and the dew claw in order to ascertain whether DD treponemes were present.  A swab was also taken from a similar area on an unaffected animal to ascertain whether the treponemes were part of the natural cutaneous microbiota of cattle.
As DD treponemes are isolated consistently from DD lesions of the interdigital space (IDS) or coronary band, these sites were also examined for the presence of DD lesions.  Tissue samples were taken from the IDS and coronary band (the latter, only if there was any evidence of abnormality suggestive of a lesion) from animals with and without pressure sores. 
In order to determine whether the pressure sores of living cattle contained DD treponemes, and their presence did not reflect post-mortem infection, dry swabs were taken from pressure sores on cattle from five living animals.  Five swabs were also taken from the same area on healthy animals without evidence of pressure sores. 
For culture, tissue samples were placed into oral treponeme enrichment broth (OTEB; Anaerobe Systems, Morgan Hill, California, USA) containing rifampicin (5 μg/ml) and enrofloxacin (5 μg/ml) and transferred to the laboratory where they were inoculated immediately.   Swabs were stored at –20oC until subjected to DNA extraction. 

Histology and Immunohistochemistry
Skin lesions were sampled from animals which had been shot on that day (within approximately 8 h of death) and preserved in 10% neutral buffered formalin.   After fixation, the tissues were trimmed to 3–5 mm in thickness, processed routinely and embedded in paraffin wax.   Sections (5 µm) were stained with haematoxylin and eosin (HE) and Warthin Starry stain to identify spirochaetal bacteria.
Immunohistochemistry (IHC) was used to investigate the presence of the three Treponema phylogroups, using a rabbit polyclonal antibody specific for the three DD-associated treponemes (Evans et al., 2009).  Each section was dewaxed in xylene and ethanol followed by pretreatment with H2O2 0.5% in methanol (30 min) to block endogenous peroxidase activity.   Following this step, antigen retrieval was performed using 5% bacterial proteinase type XXIV (Sigma, Poole, UK) diluted in PBS at 37°C for 5 min before the sections were blocked with normal goat serum for 10 min.   The primary antibody (1 in 4,000 dilution) was applied to each slide, incubated overnight at 4°C, washed with Tris-buffered saline (TBS) and incubated with the secondary goat anti-rabbit antibody (1 in 100 dilution) (Vector Laboratories, California, USA) for 30 min at room temperature before another TBS wash.  An avidin–biotin complex method (Vectastain ABC systemTM, Vector Laboratories, Peterborough, UK) was then used to detect bound antigen following the manufacturer’s instructions. The slides were then counterstained with haematoxylin.  
For a negative control, sections of skin from a dog with bacterial dermatitis involving cocci and coccobacilli were used.  There was no labelling of the bacteria and only mild background labelling of the epidermis.  For positive controls, sections of dorsal horn from a sheep with contagious ovine digital dermatitis (CODD) were used and displayed strong extracellular labelling of organisms in the superficial epidermis with spirochaetal morphology.
  
Isolation of Spirochaetes
Attempts to isolate spirochaetes were carried out on all pressure sore and foot lesion tissue samples as described previously using OTEB (Evans et al., 2008) with rifampicin (5 μg/ml) and enrofloxacin (5 μg/ml).  To maximize isolation attempts, samples were inoculated into OTEB containing fetal calf serum (Gibco, Paisley, UK), to maximize growth of the T. phagedenis and T. pedis treponeme phylogroups and rabbit serum (GE Healthcare Life Sciences, Buckinghamshire, UK) to maximize growth of the T. medium phylogroup treponemes.  All isolation attempts were carried out in an anaerobic cabinet (85% N2, 10% H2 and 5% CO2, 36ºC). Cultures were screened by phase contrast microscopy and analyzed by specific nested polymerase chain reaction (PCR) assays to identify any specific treponeme phylogroups present.
Passage was continued via fastidious anaerobe agar (FAA) plates, supplemented with 5% defibrinated sheep blood and antibiotics as above. Single colonies from the plates were inoculated into new OTEB tubes as described above to obtain pure bacterial cultures.

DNA Extraction and Polymerase Chain Reaction
For isolation of bacterial genomic DNA from OTEB cultures, 2 ml of the culture was centrifuged (5,000 g, 10 min, 4°C) in a bench-top centrifuge.  DNA was extracted from the cell pellet using Chelex-100, as previously described (Chua et al., 2005) and stored at –20°C.
For extraction of DNA from tissues and swabs, a QIAquick DNeasyTM blood and tissue kit (Qiagen, Manchester, UK) was used following manufacturer’s instructions. 
DNA extracted from pressure sores and IDS tissues, as well as control tissues and culture samples was subjected to nested PCR assays specific for the three culturable DD-associated treponeme phylogroups (Evans et al., 2008, 2009) with resulting PCR products encompassing 300–500 base pairs of the 16S rRNA gene.  For further identification and phylotyping, almost the entire 16S rRNA gene PCR amplicon was sequenced (Evans et al., 2008). 
To validate the PCR assays, each experiment included positive controls (i.e. genomic DNA from each of the three unique bovine DD treponeme phylogroups) and a no-template control (water) as described previously (Evans et al., 2009).  All assays were carried out in triplicate.

Sequencing and Phylogenetic Analysis
Amplified 16S rRNA gene PCR products were sequenced commercially (Macrogen, Amsterdam, the Netherlands) and gene sequences were assembled using Chromas ProTM sequence analysis package (Technelysium Ltd, Brisbane, Queensland, Australia).  Gene sequences were aligned using CLUSTALW as implemented in MEGA 5.0 (Tamura et al., 2011).  The DNA alignment was subjected to ModeltestTM, as implemented in Topali (Milne et al., 2009), which revealed that the best fit model was TN93 (Tamura and Nei, 1993). This was used to produce nucleotide maximum likelihood phylogenetic trees (bootstrap values based on 10,000 iterations).

Results
Description of Lesions 
Pressure sores in this study most commonly affected skin in the area of the biceps femoris or vastus lateralis muscles of the hindlimbs.  Initially, they appeared as an area of hair loss with dry necrosis, followed by sloughing of the epidermis (ulceration) and exposure of the underlying dermis, the point at which the lesions were sampled in this study.  The lesions appeared to be very slow to heal, and although there was evidence of some epithelialization at the periphery, the central area was often exposed with the characteristic ‘stippled’ appearance seen in many other lesions.  Even when healing was complete, there was still regularly a residual area of rough fibrous scar tissue in place of normal skin (Fig. 1).  These chronic lesions were seen in approximately 6–10% of animals presenting at the fallen stock centre.

Pathology of Lesions
Samples were taken from three pressure sores and used for histopathological examination.  Samples consisted of haired skin, with severe diffuse subacute necrotizing and suppurative dermatitis with mixed populations of coccoid bacteria.
Microscopical analysis showed that the epidermis was absent (ulceration) from the lesions, with just several columns of viable hyperplastic epidermis extending deeply into the dermis (rete pegs) and follicular elements remaining.  These rete pegs generally retained their cellular outline and exhibited hypereosinophilia (coagulative necrosis) with occasional apoptotic bodies.  The epidermis of the ulcerated site was replaced by a band of fibrillary to amorphous eosinophilic material mixed with degenerate cells and mixed bacterial colonies, consisting of unidentified bacilli and coccoid bacteria (serocellular crusts). 
In other areas, the superficial, mid and deep dermis were diffusely and severely hypereosinophilic and had no viable cell nuclei (coagulative necrosis).  
Multiple hair follicle remnants were observed and these contained mixed coccobacilli. In the necrotizing lesion, there was moderate infiltration of degenerate neutrophils admixed with myriad mixed populations of 1–3 µm cocci to coccobacilli, yeasts and nuclear debris (Fig. 2a)

Warthin Starry Staining
Throughout the whole of each sample, but especially in the epidermis, hair follicles and deep dermis, there were mixed populations of bacteria including cocci, coccobacilli and bacilli.  As it was difficult to confirm the presence of spirochaetes due to the myriad other contaminating bacteria, IHC was performed (Fig. 2b).

Immunohistochemistry 
There was a mild, intracellular, non-specific background labelling mostly in the epidermis in both the negative and positive control sections, but this was more intense in the sections from affected cattle.  The cocci and coccobacilli did not exhibit immunolabelling in either the negative control or test samples.  In contrast, the dorsal horn sections from the sheep with CODD (Fig. 2c) showed intense positive immunolabelling with organisms having treponemal morphology at the periphery of the labelled regions.
There was diffuse, strong, granular positive immunolabelling of the superficial aspect of the serocellular crust and within the remnants of hair follicles in samples from affected cattle.  Organisms with treponemal morphology were seen rarely at the periphery or within the serocellular crusts at the more superficial aspects of these regions.  The bacterial morphology was retained only in rare cases, possibly due to the extent of the necrosis and inflammatory infiltrate damaging the bacteria (Fig. 2c). 
  	
Molecular Analyses
None of the tissue samples from unaffected sites on the leg or IDS/coronary band on animals asymptomatic for DD showed any signs of treponemes when analyzed by phase contrast microscopy and the tissue and bacterial cultures from these sites were also negative when tested by Treponema group-specific nested PCR assays (Table 1). 
All of the 14 cultured pressure sore lesions were positive for treponeme growth on analysis by phase microscopy, and this was confirmed by the Treponema genus-specific PCR assay and nested PCR assay for all three DD treponeme groups (Table 1). 
On examination of the cultures by phase contrast microscopy, four pressure sore lesion cultures had low levels of bacterial contamination and from each of these samples it was possible to isolate a single unique treponeme isolate which was analyzed further by 16S rRNA gene sequencing. 
The remaining 10 pressure sore lesion cultures were positive on microscopical examination, but were highly contaminated with other bacteria; consequently, isolation of a single pure treponeme culture was not possible.  These contaminated cultures were not analyzed further. 
In addition, tissue samples from the IDS were also subjected to culture attempts and examined for the presence of DD treponemes.  Where a pressure sore lesion was analyzed, treponemes were seen in the culture microscopically and confirmed by group-specific nested PCR.  Many of these were highly contaminated with other bacteria, so isolation of a pure treponeme isolate was not possible.  It was possible to obtain a pure isolate from one of the DD lesions on the foot of an animal by further passage through FAA plates and OTEB.  This pure isolate was then further analysed by 16S rRNA gene sequencing. 
Foot skin tissues taken from animals with no signs of DD lesions and no pressure sores, were negative by PCR and isolation for DD treponemes. 

In all of the 14 pressure sore lesions investigated by PCR, at least one of the three DD-associated treponeme phylogroups was detected.  On culture, T. medium, T. phagedenis or T. pedis phylogroup treponemes were present in all DD and pressure sore lesions.  Three pressure sore lesions (21%) contained all three DD-treponeme phylogroups, five (36%) contained two and six (43%) contained just one. 

Treponemes in Swabs from Living Animals
Five swabs of pressure sore lesions were taken from living animals and were subjected to DNA extraction and PCR for the presence of DD-associated treponemes. As swabs were taken from the skin, isolation was not attempted due to previous swab isolation failures from such samples.   All skin swabs taken from living animals without pressure sores were negative by PCR for DD treponemes. 

Skin Swabs
All skin swabs taken from animals with foot DD lesions or pressure sores and from the skin between the hock and the dew claw, were PCR positive for DD treponemes. Conversely, skin swabs taken from animals with neither lesion type were consistently negative for DD treponemes.   When an animal had both DD lesions on the feet and a pressure sore, the same treponeme phylogroups (as assessed by 16SrRNA sequencing) were found in both lesions.  Due to difficulties in cultivating treponemes from cotton swabs, isolation was not attempted on these samples. 

16S rRNA Gene Sequence Analysis
Four pure treponeme culture isolates were obtained from pressure sore lesions and were subjected to 16S rRNA gene amplification with PCR prior to sequencing.  In addition, one pure isolate of DD treponemes was obtained from a foot lesion from an animal with both a DD foot lesion and a pressure sore.  To determine the relationship of the pressure sore treponeme isolates to those found commonly in DD lesions of cattle, the 16S rRNA gene sequences were compared with other previously sequenced isolates using phylogenetic analysis (Fig. 3).
All four isolated treponemes from pressure sore lesions showed high similarity to bacteria isolated previously from cattle.  Two isolates from pressure sores were similar to previous T. phagedenis isolates from dairy cattle (e.g. T320A, Genbank accession number EF061261; T100, Genbank accession number FJ204239) and one was similar to previous T. pedis isolates (e.g. T3552B, Genbank accession number NR_044064).  In addition, another treponeme, similar to previous T. medium isolates (e.g. T19, Genbank accession number EF061249; T54, Genbank accession number EF061250), was isolated from both a pressure sore and a DD foot lesion from the same animal (Fig. 3).  

Discussion
The results of the present study have shown that DD treponemes are consistently isolated from and detected in pressure sores on the limbs of cattle.  This may have important implications for approaches to prevention and treatment of these lesions. Pressure sores are usually linked to poor farm management (e.g. contact with equipment, inadequate bedding thickness etc) or long recumbency due to illness or veterinary treatment (Huxley et al., 2006). 
Relatively few investigations have been conducted into pressure sores in cattle, so prevalence on farms is hard to ascertain.  However, based on our observations, pressure sores appear relatively rare in healthy animals with <1% of normal healthy animals showing signs of these lesions.  Pressure sores are more common in animals sent to a fallen stock centre, with approximately 6–10% of animals being affected.  DD treponemes were identified in all pressure sore lesions examined in the present study, suggesting that they may play a role in the pathogenesis of the lesions or may prevent healing.  Alternatively, they may be an opportunistic secondary invader of already damaged skin. 
DD-associated treponemes are consistently found in DD lesions of the feet of cloven-hoofed animals (Dawson, 1998; Dhawi et al., 2005; Sayers et al., 2006; Clegg et al., 2014; Duncan et al., 2014; Sullivan et al., 2014b) and are also found in other skin lesions of cattle and pigs (Karlsson et al., 2013, 2014; Svartstrom et al., 2013;  Clegg et al., 2016c) and in udder lesions including ischaemic teat necrosis and mammary dermatitis in dairy cattle (Evans et al., 2010; Clegg et al., 2016b).
The isolation of DD treponemes from pressure sore lesions, located significantly higher up the limbs of the cattle, as well as the presence of treponemes on the skin in animals with foot DD lesions and/or pressure sores, suggests that treponemes may use the skin as a mode of transmission.  Alternatively, infection may be from environmental contamination, due to animals being recumbent, or via transmission through direct contact.  Infection of feet with DD treponemes can occur via the hair follicles (Evans et al., 2009b).  The positive treponeme PCR swab results suggest that these bacteria may move over the skin and could enter other areas of the body through hair follicles, causing additional infections.  This appears to have been confirmed using IHC, which showed positive labelling of treponemes in hair follicles and on the surface of the wound.  The morphology of the bacteria was poorly preserved, but the intense band of labelling superficially in the skin and in the hair follicles is similar to the intense labelling seen in the positive control.  The negative control did not have the same intense labelling.  These observations suggest that the bacteria may actively infect the lesions, rather than being surface dwellers within the wound.  It is not, however, possible to state that they are causative of any lesions. 
Although the samples tested were taken from animals that had died within 8 hours of testing, there may have been some slight alterations of wound microbiome when compared with living animals.  The bacterial load may have increased, particularly with respect to clostridial species, but, due to their slow growing nature, treponemes were unlikely to have been affected. 
The presence of DD treponemes on the skin is similar to the situation seen in pigs, where treponemes closely related to those associated with DD may be isolated from skin lesions (Karlsson et al., 2013, 2014; Svartstrom et al., 2013; Clegg et al., 2016c), and confirms previous studies where treponemes were found on the skin of cattle (Evans et al., 2012b).  Tests of blood from rabbits and people infected with Treponema pallidum (the causative agent of syphilis) have suggested that a systemic infection can occur, but this is rapidly cleared from the blood by the immune response (Sell et al., 1980).  Additionally, it has been shown that T. pallidum can be detected in tissues distant to the site of infection in man (Sell et al., 1980).  If cattle suffer from other illness or infection they may have reduced immunity, leading to reactivation of systemic, distant treponemes. 
As treponemes are considered to be anaerobic (Baseman et al., 1976), it may be possible that they migrate from one lesion (either on the skin or the foot), via body secretions or rainwater on the surface, to the first available site which is anaerobic. This could be pressure sores or the recto-anal junction, which has also been shown to be positive for the presence of DD treponemes (Evans et al., 2012b).  The results of the present study also suggest that, as the bacteria appear to migrate over the skin using swarming motility, they may be able to survive on the surface of the host, in aerobic conditions for some time.
The lack of detectable treponemes in the skin of animals without foot DD lesions or pressure sores strongly suggests that the treponemes are not a part of the normal skin microbiota of cattle. 
DD treponemes have been suggested previously to delay healing of wounds (Svartstrom et al., 2013).  This may be the case with pressure sores, where the treponeme prevents healing, leading to further infections by other bacteria. 
Analysis of the 16S rRNA gene sequence of the treponemes isolated from pressure sore lesions showed that these bacteria are very similar/identical at the nucleotide level to those isolated from foot lesions in cattle and from other species, including goats, pigs, sheep and elk (Evans et al., 2008; Clegg et al., 2014, 2016c; Sullivan et al., 2014b).  This creates the possibility that the skin of animals with DD foot lesions or pressure sores, or potentially other skin lesions, can become positive for this infection, meaning that the animal is a potential risk to other animals with open lesions. 
Treatment with antibiotics may be useful in this condition, although antibiotic sensitivities for pressure sore treponemes have not yet been described.  However, the antibiotic sensitivities of bovine DD treponemes have been reported and pressure sore antibiotic sensitivities are likely to be similar (Evans et al., 2012a).  As animals undergoing treatment are less likely to be milked or have lower milk yields, this may provide an ideal opportunity to treat DD and other lesions with antibiotics which would require milk withholding.  An alternative control measure for animals with DD or pressure sore lesions might be to regularly spray the affected animals with a skin sanitizer.  This would be similar to the now widespread use of disinfectant foot baths in the control of bovine DD (Thomsen et al., 2008).
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Figure Legends


Fig. 1.  Pressure sore lesions on the left hindlimb of a cow (arrowed).  The proximal lesion is an early acute to subacute lesion, likely to have occurred within a few days prior to death, while the distal lesion is more chronic.  

Fig. 2.  (a) Skin from a bovine pressure sore.  Inset is from the boxed area showing myriad bacteria of different morphologies.  Individual bacteria are not discernible.  HE.  (b)  Skin from a bovine pressure sore.  Inset is from the superficial epidermis showing mixed bacteria where individual morphology is difficult to determine.  Warthin Starry stain.  (c)  Skin from a bovine pressure sore showing low level background intracellular labelling and a thin band of intense extracellular labelling of the serocellular crust and within hair follicles.  The large inset shows a hair follicle with some bacteria exhibiting specific labelling while others do not.  The smaller inset shows intense granular extracellular labelling and arrows show bacteria with treponeme morphology observed at the periphery.   The granular extracellular labelling may be due to excreted proteins from the Treponema spp.  IHC.  (d)  Section of dog skin used as a negative control.  The bacteria present do not label with the anti-treponeme antibody.  The epidermal keratinocytes label, but the pattern is intracellular and intercellular labelling is not observed.  Inset shows high power view of intracellular background labelling of keratinocytes.  IHC.  (e)  Section of dorsal horn from a sheep with CODD used as a positive control.  There is a thick band of labelling of the eroded epidermis.  Inset is the boxed area showing bacteria with spirochaetal morphology (arrow).  IHC.  (f)  Section of dorsal horn from a sheep with CODD used as a positive control.  There is intense extracellular labelling of the eroded epidermis. Inset is the boxed area showing extracellular labelling and the arrow shows labelling with treponeme morphology.  IHC.   

Fig. 3.  Phylogeny of treponemes cultured from pressure sore lesions.  A maximum likelihood tree (bootstrapped 10,000 times) for comparison of treponeme sequences isolated from cattle pressure sore lesions in this study (shown in bold) to those isolated from cattle DD foot lesions (for clarity, bootstrap values <65 were removed).  Sequences from Genbank of additional cattle treponemes are also shown, with the accession number in parentheses. 
The sequences from isolates in this study are labelled with isolate number (as shown in Table 1).  DD1, T. medium phylogroup; DD2, T. phagedenis phylogroup; DD3, T. pedis phylogroup.

Table 1
Digital dermatitis treponemes in pressure sore lesion samples
	 
	 
	 
	Treponeme-positive sample
	Pressure sore sample
DD phylogroup 
	Foot  sample DD phylogroup 

	Animal number 
	DD status 
	Pressure sore
	
	Treponeme genus PCR
	DD1
	DD2
	DD3
	Treponeme genus PCR 
	DD1
	DD2
	DD3

	1
	+
	Yes
	Yes
	+
	+ (PS1)
	+
	-
	+
	+ (F1)
	+
	-

	11
	+
	Yes
	Yes
	+
	-
	+ (PS2)
	-
	+
	-
	+
	-

	6
	+
	Yes
	Yes
	+
	+
	+
	+
	+
	+
	+
	+

	 

	2
	-
	Yes
	Yes
	+
	-
	+
	-
	+
	-
	-
	-

	3
	-
	Yes
	Yes
	+
	-
	+
	+ (PS4)
	-
	-
	-
	-

	4
	-
	Yes
	Yes
	+
	+
	-
	-
	+
	-
	-
	-

	5
	-
	Yes
	Yes
	+
	+
	+
	+
	-
	-
	-
	-

	7
	-
	Yes
	Yes
	+
	-
	-
	+
	-
	-
	-
	-

	8
	-
	Yes
	Yes
	+
	-
	+
	+
	+
	-
	-
	-

	9
	-
	Yes
	Yes
	+
	-
	+ (PS3)
	+ 
	-
	-
	-
	-

	10
	-
	Yes
	Yes
	+
	-
	+
	+
	-
	-
	-
	-

	12
	-
	Yes
	Yes
	+
	-
	-
	+
	-
	-
	-
	-

	13
	-
	Yes
	Yes
	+
	+
	+
	+
	-
	-
	-
	-

	14
	-
	Yes
	Yes
	+
	-
	+
	+
	+
	-
	-
	-

	 

	15
	+
	No
	Yes
	-
	-
	-
	-
	-
	+
	+
	-

	16
	+
	No
	Yes
	+
	-
	-
	-
	+
	+
	-
	-

	17
	+
	No
	Yes
	-
	-
	-
	-
	+
	-
	+
	-

	18
	+
	No
	Yes
	+
	-
	-
	-
	+
	-
	+
	+

	19
	+
	No
	Yes
	-
	-
	-
	-
	+
	-
	+
	+

	 

	20
	-
	No
	No
	+
	-
	-
	-
	-
	-
	-
	-

	21
	-
	No
	No
	+
	-
	-
	-
	+
	-
	-
	-

	22
	-
	No
	No
	-
	-
	-
	-
	-
	-
	-
	-

	23
	-
	No
	No
	+
	-
	-
	-
	-
	-
	-
	-

	24
	-
	No
	No
	-
	-
	-
	-
	+
	-
	-
	-

	25
	-
	No
	No
	+
	-
	-
	-
	+
	-
	-
	-

	26
	-
	No
	No
	+
	-
	-
	-
	+
	-
	-
	-

	27
	-
	No
	No
	-
	-
	-
	-
	+
	-
	-
	-

	28
	-
	No
	No
	-
	-
	-
	-
	-
	-
	-
	-

	29
	-
	No
	No
	+
	-
	-
	-
	-
	-
	-
	-

	30
	-
	No
	No
	+
	-
	-
	-
	-
	-
	-
	-





Presence of spirochaetes cultured and analyzed by phase contrast microscopy and phylotype-specific nested PCR of tissue samples taken from pressure sore lesions, IDS and control animals. The names shown in parentheses show the isolate name (PS, pressure sore; F, foot), as used in the phylogenetic tree (Fig. 3). 
DD1, T. medium phylogroup; DD2, T. phagedenis phylogroup; DD3, is T. pedis phylogroup.

Table 2
PCR detection of DD treponemes in swabs taken from pressure sores on living animals
	 
	 
	
	DD treponeme phylogroup 

	Animal number 
	Pressure sore
	Treponeme genus PCR
	DD1
	DD2
	DD3

	1
	Yes
	+
	+
	+
	+

	2
	Yes
	+
	-
	+
	+

	3
	Yes
	+
	+
	-
	+

	4
	Yes
	+
	-
	+
	+

	5
	Yes
	+
	+
	-
	-



An additional five control skin swabs, which are not shown in the table, were taken from unaffected animals, and were all negative by PCR.
DD1, T. medium phylogroup; DD2, T. phagedenis phylogroup; DD3, T. pedis phylogroup.

